See Article, pages [2695] [2696] [2697] [2698] [2699] [2700] [2701] [2702] [2703] The population of children with language-learning disorders (LLD) is heterogeneous with a mixture of language deficits and also sensorimotor deficits linked to dynamic processing of the speech information (Catts et al., 2002) . The core of research focused mainly on the hypothesis of whether deficits on auditory spectro-temporal processing can cause phonological impairment that potentially can lead to reading and language disorders (Bishop and Snowling, 2004) . To answer the aforementioned questions, neuroscientists performed longitudinal studies of infants at genetic risk using neuroimaging methods and experimental protocols with main scope to understand the effects of auditory information to the development of language skills (Leppanen et al., 2002; Lyytinen et al., 2004 ). An accurate understanding of the origin of LLD especially infants with or without high genetic risk will give an advantage for intervention strategies on individual level (for a review see Tallal and Gaab, 2006) .
The major outcome of many epidemiological studies is that the most prominent feature of developmental disabilities are language learning problems (Beitchman et al., 1986) . Although many studies support that the main deficit of LLD is phonological impairment (Snow et al., 1998) , the precise origin of this disorder is still on debate. The major substrates of phonological deficits are linked to speech or to general domains like memory, attention, perception and sensorimotor constraints (Mody et al., 1997; Ramus, 2003) . A consistent result of various hypotheses that have been tested so far is that the speed of auditory information processing and/or its production disrupt core components that contribute to language learning such as the phonological representations (Farmer and Klein, 1995; Fitch and Tallal, 2013; Tallal, 2004) . Two prominent hypothesis have been proposed after investigating sensorimotor deficits, the rate-processing constraint hypothesis (Farmer and Klein, 1995; Fitch and Tallal, 2013; Tallal, 2004) and the magnocellular hypothesis-theory (Livingstone et al., 1991; Stein, 2001) . Consistent attributes of both hypotheses are the constraint of the temporal information processing of the speech and its production which both disrupt basic components of language learning like the acquisition of phonological representations. Both theories suggest that central auditory mechanisms of information processing particularly those involved in the dynamic spectro-temporal changes underline the major phonological deficits in LLD.
Tallal et al. proposed a link between the ability to analyse rapid spectro-temporal acoustic changes and the production of speech (Tallal, 2004 ). This hypothesis is based on the assumption that every language is characterized by a set of unique phonemes which composed of a complex acoustic spectrum that should be learned by daily practise and overrepresented in the auditory cortex as neural firing patterns (Kuhl et al., 1992) . According to Hebb's proposal, neurons that are excited by many sensory cues that cannot be distinguished in time domain are coded as a unit, guiding individual experience and learning (Hebb, 1949) . Further exposure generally to sensory input and specifically to the waveforms of speech will lead the cell assemblies to become more generalized and to decode individual syllables and phonemes of a language independently of the speaker or the context (Clark and Yallop, 1995) . Additionally, the spectro-temporal segmentation of the ongoing speech into words and syllables will also be coded by auditory cortex (Peeva et al., 2010) . This statistical learning from the brain auditory cortex is referred as Hebbian learning in the literature (Sejnowski, 1999; Rao and Sejnowski, 2003) .
The complex ability to recognize distinct changes of speech sounds in both amplitude and frequency domain is disturbed early in infancy in a subset of children (Choudhury and Benasich, 2011; Tallal, 2004) . This deviation from normality results in LLD, such as dyslexia and language impairments (Bush, 2010; Lewis and Elman, 2008) , sharing also a common spectrum with autism (Whitehouse et al., 2008) . Electrophysiological and behavioral studies at infants and newborns demonstrated that differences of rapid auditory processing can be identified even in newborns with both familiar or genetic risk for LLD (Friedrich et al., 2004) . Approximately, 30-60% of infants with familiar risk for LLD are at high risk of developing learning disorders (Flax et al., 2003; Tomblin, 1989) .
Previous neuroimaging studies have linked LLDs with brain structural alterations even before birth (Chu et al., 2015; Leonard et al., 2011) . In those cases where a genetic risk for LLD was identified, anatomical differences are a cofactor to LLD (Choudhury and Benasich, 2011; Wong et al., 2013) . To reveal potential biomarkers of developmental disorders in infants linked to higher genetic risk of LLD, longitudinal studies from the early infancy till the first five years of age have been conducted (for review see Benasich and Choudhury, 2012) . Behavioral tests cannot provide neuroscientists
